Abstract. Guaroa virus (GROV) was first isolated from humans in Colombia in 1959. Subsequent isolates of the virus have been recovered from febrile patients and mosquitoes in Brazil, Colombia, and Panama; however, association of the virus with human disease has been unclear. As part of a study on the etiology of febrile illnesses in Peru and Bolivia, 14 GROV strains were isolated from patients with febrile illnesses, and 3 additional cases were confirmed by IgM seroconversion. The prevalence rate of GROV antibodies among Iquitos residents was 13%; the highest rates were among persons with occupations such as woodcutters, fisherman, and oil-field workers. Genetic characterization of representative GROV isolates indicated that strains from Peru and Bolivia form a monophyletic group that can be distinguished from strains isolated earlier in Brazil and Colombia. This study confirms GROV as a cause of febrile illness in tropical regions of Central and South America.
INTRODUCTION
Guaroa virus (GROV) was first isolated in Guaroa, Meta Department, Colombia in 1959 from people without overt illness. 1 Subsequently, isolates of GROV have been made from febrile persons in Brazil and mosquitoes in Colombia, Panama, and Brazil. [2] [3] [4] Epidemiological investigations conducted in Colombia from [1956] [1957] [1958] [1959] [1960] [1961] revealed that a significant number of people living in the Middle Magdalena Valley (especially adults) had GROV antibodies. 5 Ecological investigations conducted thereafter have repeatedly isolated GROV from Anopheles (Kerteszia) neivai ; consequently, this species has been implicated as the putative mosquito vector of GROV, which constitutes a rare event for arboviruses. 4, 6 Other arboviruses potentially transmitted by Anopheles mosquitoes include Breu Branco, Kadipiro, and Getah. 7, 8 Follow-up serologic studies in the town of Guaroa (Colombia) in 1956 indicated that 49 of 69 (75%) residents of the community had neutralizing antibodies to GROV. 1 Another serosurvey in northern Brazil (Para state) found that 18% of residents had hemagglutination-inhibition (HI) antibodies to GROV. 3 Low titers of HI antibodies to GROV have also been reported in sera of residents of Argentina, Sao Paulo state in Brazil, Peru, and Guatemala. 9 Collectively, the results of these studies suggest that GROV is widely distributed in Central and South America; however, its association with a specific human illness or disease syndrome remains unclear.
The virus is a member of the family Bunyaviridae , genus Orthobunyavirus ; it contains a segmented negative-strand RNA genome of three segments (S, M, and L). The L segment encodes the L protein (RNA polymerase); the M segment encodes the polyprotein precursor of the virion glycoproteins, G1 and G2, and the nonstructural protein NSm, and the S segment encodes for the N and NSs proteins. [10] [11] [12] The taxonomic status of GROV has been controversial. Initially, GROV was considered to be a member of the California antigenic group (family Bunyaviridae ) based on the results of hemagglutination-inhibition HI tests. 13, 14 Subsequently, Whitman and Shope 14 showed that GROV was antigenically related to viruses in both the California and Bunyamwera serogroups. Based on the results of complement-fixation (CF) tests, GROV could be placed in the Bunyamwera group, but based on neutralization tests, it was more closely related to the California group. Because the two tests measure different gene products (nucleocapsid and glycoproteins, respectively), Bishop 15 suggested that GROV represented a reassortant virus that possesses RNA segments originally derived from Bunyamwera and California virus groups. Subsequent sequence data for the S RNA of GROV indicated that it should be classified in the Bunyamwera serogroup rather than the California serogroup. 16 In the Eighth Report of the International Committee on Taxonomy of Viruses, 10 GROV is currently classified as a unique species within the genus Orthobunyavirus , and it is considered distinct from viruses included in the Bunyamwera and California species complexes.
In 2000, the United States Naval Medical Research Center Detachment (NMRCD) in Lima, in collaboration with the Ministries of Health of Bolivia and Peru, initiated a passive surveillance study to investigate etiology of febrile illnesses. As part of the surveillance program in Peru and Bolivia, 17 confirmed cases of GROV infection were diagnosed in patients with acute, self-limited febrile illnesses. Nine of seventeen confirmed cases were reported in 2007 in Peru (between January and November), and two cases were also confirmed in 2007 and 2009 in febrile patients from Bolivia, providing the first evidence that GROV also circulates in that country.
In the present study, we investigated the epidemiology of GROV infection, the prevalence of GROV antibodies and risk factors for infection among residents of the Amazonian city of Iquitos, Peru, and the phylogenetic relationship among the GROV strains isolated in Peru, Bolivia, and other South American countries. Figure 1 shows the approximate geographic locations of the study sites where GROV infections were confirmed.
MATERIALS AND METHODS

Study
Passive febrile surveillance study population. The study protocols were approved by the Ministries of Health of Peru and Bolivia and the Naval Medical Research Center Institutional Review Board (protocols NMRCD.2000.0006, NMRCD.2000.0008, and NMRCD.2008.0002). The study subjects were patients (> 5 years of age) who presented with a diagnosis of an acute, febrile undifferentiated illness in their home or at military or civilian outpatient clinics at the study sites. Demographic and clinical information was obtained from each patient at the time of voluntary enrollment, and a signed consent form was obtained from each subject. The criteria for inclusion in the program were fever ≥ 38°C of no more than 5 days in duration, headache, myalgia, and other nonspecific symptoms. Two paired blood samples were collected, one during the acute phase of illness and the second sample 2-4 weeks after onset of symptoms. Acute samples were tested for virus by cell culture, and both acute and convalescent samples were assayed for IgM antibodies to a variety of arboviruses (including GROV) by an enzyme-linked immunosorbent assay (ELISA), as described previously. 17 Diagnosis of a confirmed GROV infection (case) was based on isolation of the virus and/or a 4-fold or greater increase in IgM antibody titer between the acute and convalescent serum samples. A case was considered as presumptive when IgM antibodies were detected in a single acute sample or in both acute and convalescent samples without a 4-fold increase in titer.
Antibody prevalence studies. The antibody prevalence of GROV was determined in Iquitos by testing a total of 1,124 human serum samples for IgG antibodies to GROV by an ELISA, as previously described. 17 The samples were collected in 2006 as part of a cross-sectional antibody prevalence study carried out in Iquitos after an outbreak of febrile illness associated with Venezuelan equine encephalitis virus (VEEV) infection. Samples were collected in three Iquitos neighborhoods where Venezuelan equine encephalitis (VEE) cases were reported as well as in a control neighborhood where VEE cases were not reported. 18 Thus, the selected population represented a suitable population to test the prevalence of GROV and other arboviral diseases. Serum samples from a subset of the original study participants, who agreed to the future use of their samples, were tested. All ELISA IgG antibodypositive samples were further evaluated using an 80% plaquereduction neutralization assay (PRNT) for GROV. Briefly, sera were heat-inactivated at 56°C for 30 minutes, and two 2-fold serum dilutions were prepared, mixed with 100 plaque forming units (PFUs) of GROV (prototype Peruvian strain OBS 0069), and incubated at 4°C overnight. The virus-serum dilutions mixtures were inoculated onto confluent monolayer of Vero cells propagated in microplates and incubated at 37°C for 1 hour before adding an overlay of 0.4% of agarose in Eagle's minimum essential medium (EMEM). After 72 hours of incubation at 37°C, the plates were stained with 0.25% crystal violet in 20% methanol, and plaques were counted. All IgG-positive samples were tested at an initial concentration of 1:20, and all positive sera were further titrated to the endpoint. Neutralization titers were considered as the highest serum dilution that reduced plaque formation by ≥ 80%.
Virus isolation. Patient's serum specimens were diluted 1:5 in EMEM, supplemented with 2% fetal bovine serum, 200 μg streptomycin, and 200 U/mL penicillin. Two hundred microliters of diluted samples were then inoculated into flasks with confluent monolayers of African green monkey kidney cells (Vero) and Aedes albopictus mosquito (C6/36) cells. Vero cell cultures were examined daily for evidence of viral cytopathic effect (CPE). Spot slides of C6/36 and Vero cells were subsequently prepared, and an immunofluorescence assay (IFA) was done using polyclonal antibodies against arboviruses endemic in Peru. 17, [19] [20] [21] [22] [23] A variety of arboviruses were isolated from these samples and will be reported elsewhere. The 14 GROV isolates are listed in Table 1 .
Extraction of RNA, reverse transcription, and PCR amplification of S, M, and L segments. Viral RNA was extracted using the QIAamp viral RNA mini kit (Qiagen, Valencia, CA) or Trizol reagent (Invitrogen, Carlsbad, CA) following the manufacturer's protocol. The reverse transcription reaction (RT) was done using 1× RT buffer, 0. included 1× PCR buffer, 0.25 mM dNTPs, 1 μM primers, 3 mM MgCl 2, 2.5 U GoTaq DNA polymerase (Promega), and 5 μL cDNA. The conditions for the PCRs included incubation at 94°C for 2 minutes, 35 cycles of 94°C for 30 seconds, 50°C for 1 minute, 72°C for 1.5 minutes, and a final extension of 72°C for 10 minutes to ensure complete double-stranded DNA synthesis. The primers used for the PCR amplification have been previously described and included Bunya 1 (GTCACA GTAGTGTACTCCAC) and Bunya 2 (CTGACAGTAGTGT GCTCCAC), which amplifies the S segment, M14C (CGGA ATTCAGTAGTGTACTACC) and M619R (GACATATG(CT) TGATTGAAGCAAGCATG) that amplifies the M segment, and M13CBunL1C (TGTAAAACGACGGCCAGTAGTGT ACTCCT) and BunL605R (AGTGAAGTCICCATGTGC), which amplifies the L segment.
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Sequencing and phylogenetic analyses. To genetically characterize the GROV strains isolated in Peru, partial sequences of the S, M, and L segments were obtained and compared with those of GROV isolates from Brazil, Colombia, and Bolivia using a previously described methodology. 24 Purified PCR products were sequenced directly, and sequencing analyses of the PCR products were performed using an Applied Biosystems (Foster City, CA) Prism automated DNA sequencing kit according to the manufacturer's protocol. Sequences were aligned using the Clustal program in the MacVector (MacVector Inc., Cary, NC) software package, and phylogenetic analyses were performed using the maximum parsimony, neighborjoining, and maximum likelihood methods implemented in the phylogenetic analysis using parsimony (PAUP) software (Sinauer Associates, Sunderland, MA). 25, 26 For the neighborjoining analyses, the HKY85 distance was used. Bootstrap values to place confidence values on groupings within trees were calculated based on 1,000 replicates.
Statistical analyses. Proportions were compared using a χ 2 test using the FREQ procedure in SAS (SAS version 8; SAS Institute Inc., Cary, NC). Risk factors for infection with GROV were evaluated by logistic regression using LOGISTIC in SAS. Models were constructed with the dichotomous dependent variable: PRNT positive for GROV antibody at a titer of ≥ 20 and the following independent variables: gender, age (adult or child), occupation, type of house, travel history, and neighborhoods.
RESULTS
Description of GROV cases detected through febrile surveillance. In 1995, GROV was isolated for the first time in Peru from a patient presenting with an undifferentiated febrile illness. Between 2000 and 2009, 16 additional confirmed GROV cases and 30 presumptive cases were identified in patients presenting with febrile illness. The most common symptoms among these patients were headache, chills, malaise, myalgia, arthralgia, and bone pain ( Table 2 ). The majority of patients with confirmed GROV infection were males (12 of 17, 70.6%) with a mean age of 28.5 years (range = 17-43) ( Table 1 ). These patients were mainly miners, wood cutters, agricultural workers, and students living in areas with high levels of arbovirus circulation. 17, [19] [20] [21] [22] [23] [27] [28] [29] [30] Fifteen of the cases were detected in Peru, whereas two GROV cases were confirmed in Cochabamba, Bolivia, providing the first evidence of circulation in that country. The Bolivian patients were a 17-year-old female student and a 24-year-old male agricultural worker. Year-round GROV activity was observed in Peru.
The ( Table 3 ) . The majority of patients with GROV infection (44% of the cases) in Puerto Maldonado reported having recently visited or worked in Bajo Puquiri, a gold-prospecting and extraction area in Madre de Dios Department that is currently undergoing intensive environmental modification.
Risk factors for GROV infection in the city of Iquitos, Peru. Antibody prevalence and risk-factor data were obtained from blood samples collected as part of a cross-sectional antibody prevalence study carried out in four neighborhoods in Iquitos after an outbreak of febrile illness associated with VEEV infection. 18 Iquitos was selected for study, because GROV was first detected in this city in 1995 and thus, there was evidence that the virus had been circulating in the area for more than 10 years.
In Iquitos, the overall antibody prevalence of GROV was 13% (144/1,124) . The prevalence of GROV antibodies in the Iquitos population increased with age after adulthood (> 19 years of age), suggesting endemic circulation of the virus in this Amazon region of Peru (4.4% in 5-to 9-year-olds to 35.9% in 60-to 69-year-olds) ( Figure 2 ) . The antibody prevalence in adults was 16% compared with 5.6% in children [odds ratio (OR) = 3.3; 95% confidence interval (CI) = 1.992-5.467]. Persons who reported overnight travel had higher antibody prevalence rates than those who did not ( P < 0.05).
Persons with high-risk occupations were fishermen, wood cutters, and oil workers; these groups had a higher prevalence of GROV antibodies than people with other occupations [7/23 (30%) versus 137/1,101 (12%)]. In addition, persons living in concrete/brick houses had significantly lower antibody prevalence rates than those living in wood houses (OR = 0.312; 95% CI = 0.179-0.546), and persons living in neighborhoods closer to the rivers surrounding the city (Belen, Bellavista, and San Juan) also had a higher antibody prevalence than those in the north-central parts of Iquitos where socio-economic conditions are higher ( Figure 3 ) . The univariate logistic regression analysis did not detect an association between gender and GROV antibody prevalence.
Genetic characterization of the GROV isolates from Peru and other regions of South America. Phylogenetic analyses using maximum parsimony, neighbor-joining, and maximum likelihood methods all generated similar tree topologies. Only the neighbor-joining phylogenetic trees are shown for simplicity reasons. The neighbor-joining tree based on the partial S and L segment sequences revealed a single genotype within the isolates from Peru and Bolivia. In contrast, strains from Colombia and Brazil (isolated between 1956 and 1964) differed by 4% at the amino acid level compared with the more recent (1995-2008) Peruvian and Bolivian isolates, and thus, they group within different genotypes in the phylogenetic tree ( Figures 4 and 5 ) . The neighbor-joining tree based on the 0  0  0  3  Presumptive cases  3  8  2  0  3  1  0 ND ND ND  1  2  3  2  0  0  3  1  1  0  0  30  Total confirmed and  presumptive GROV  cases  8 10  2  1  6  1  0  1  1  1  1  2  3  2  1  0  3  1  1  1  2  50  Total number febrile  cases seen at site  593 301 355 120 105 133 111 867 M segment produced a similar tree topology as the S and L phylogenetic tree; however, the strains isolated from Junin, Peru grouped within a distinct genotype from the other isolates from different geographical regions in Peru ( Figure 6 ).
DISCUSSION
GROV was initially isolated in Colombia from asymptomatic individuals as well as from persons exhibiting mild fever, raising the question of whether the virus consistently causes disease. 1 Later, GROV cases identified in Brazil included individuals with fever and other symptoms, such as headache, myalgia, and prostration; however, several of these subjects also had Plasmodium falciparum infections. 31, 32 GROV was also isolated from the liver biopsy of a Brazilian patient with paralysis. 2 In the present study of febrile illnesses in Peru and Bolivia, additional evidence for the disease potential of GROV was obtained. Seventeen patients who presented with undifferentiated febrile illnesses were diagnosed with GROV infection.
The most common clinical symptoms in the patients with confirmed GROV infection were chills, malaise, bone pain, headache, retro-orbital pain, myalgia, and arthralgia. Given the non-specific clinical manifestations in these cases, it would be very difficult to differentiate GROV infection clinically from other endemic arboviral illnesses. Because our surveillance activities included only eight sites in Peru and three in Bolivia ( Figure 1 ) , it is very likely that GROV infections occur in other areas of these countries but remain undiagnosed. Additional studies are needed to determine the ratio of apparent to unapparent cases and to fully measure the burden and the public-health impact of GROV infection in Peru, Bolivia, and other regions of South America.
Previous epidemiologic studies conducted in South America revealed a high antibody prevalence to GROV in selected populations in Colombia (43%) and Brazil (18%). 1, 31 Low HI antibody titers to GROV antigen were also found in sera of residents from Argentina, Peru, and Guatemala. 9 However, further testing of the positive samples, using a confirmatory PRNT to GROV, was not performed. Because of the crossreactivity of HI antibodies among orthobunyaviruses, it is uncertain whether those antibodies were specific to GROV or to other related members of this genus that are known to circulate in the area. 31, 33 To further investigate the frequency of GROV infection in Peru and the risk factors associated with infection in an endemic area of transmission, human serum samples collected in Iquitos in 2006 were assayed for GROV antibodies. An overall antibody prevalence rate of 13% was found among the Iquitos population. These results are consistent with previous serological studies done in Peru in 1965. 29 Factors associated with infection in Iquitos included living in neighborhoods located near surrounding rivers that are seasonally flooded and occupations such as agriculture, fishing, and mineral prospecting and extraction. Results from our study also suggested that GROV transmission probably occurs in the forest or away from home.
Although GROV was first detected in Iquitos in 1995, the number of confirmed infections identified in our current surveillance activity was relatively low (~0.04-0.2%), despite the 13% overall antibody prevalence rate. In contrast, the presence of GROV in Madre de Dios was not detected until 2007, when evidence of GROV infection was observed in about 1% of the febrile cases in the region. By 2008, 3% of the febrile cases at the site had evidence of recent GROV infection. Eight of eighteen patients with evidence of GROV infection (2007) (2008) reported recent work or travel in the area. It seems likely that environmental and land-use changes as well as human migration have played an important role in the emergence of this human pathogen in Madre de Dios. Improper and unregulated mining activities have been implicated as a factor responsible for the emergence of other vector-borne diseases such as malaria and yellow fever in Brazil. 34 Further research is needed to determine more precisely the impact of these activities on the emergence of GROV and other arboviral diseases in Madre de Dios.
Despite our current knowledge of GROV as a human pathogen, little is known about its reservoir hosts and vectors, especially in Peru. Earlier investigations in Colombia, Panama, and Brazil detected the virus in Anopheles mosquitoes 4, 31 ; however, studies to evaluate the susceptibility and transmission potential of this mosquito genus have not been done. During previous ecological studies conducted in the Amazon region of Peru, many arboviruses were isolated from other mosquito genera, 23 but GROV was never isolated from these other mosquitoes, suggesting that they are not involved in GROV transmission. Additional ecological studies are needed in Peru and Bolivia to identify the mosquito vectors and reservoir hosts involved in GROV transmission. Likewise, previous serological investigations in Brazil suggested that birds may act as reservoir hosts for GROV; however, these results remain to be confirmed. 9 In summary, results of this study further confirm that GROV is a cause of febrile illness among humans in tropical regions of Central and South America.
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